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Abstract
Ventricle to ventricle (VV) delay optimization can provide an additional benefit to cardiac
resynchronization therapy, but the methods currently used for optimization are time consum-
ing and operator-dependent. We present two cases of VV-delay optimization with the use of
a new intracardiac electrogram method. (Cardiol J 2007; 14: 305310)
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Introduction
Cardiac resynchronization therapy (CRT) be-
came the standard treatment of severe heart failure
with left ventricular systolic dyssynchrony [1, 2].
Although large clinical trials, which proved the ef-
fectiveness of this therapy, evaluated only simul-
taneous biventricular pacing [3, 4], recent smaller
studies demonstrated that sequential biventricular
pacing with individualized ventricle to ventricle
(VV) delay optimization may provide further bene-
fit [58]. Nowadays, the widely available and most
commonly used tool for VV optimization is echocar-
diography; either standard (left ventricular outflow
tract velocity-time integral (VTILVOT) used for cal-
culation of stroke volume), myocardial performance
index (MPI), or dP/dT from the spectrum of mitral
regurgitation or tissue Doppler imaging [68].
Echocardiographic methods, however, have several
limitations: they are time consuming, require two
persons and are operator-dependent. The optimal
VV delay varies over time and should be re-evalu-
ated during follow-ups [9]. Therefore, in routine
CRT pacemaker follow-up, there is a strong need
for an easier, quicker and more cost-effective meth-
od of VV-delay optimization.
A novel method of determining optimal VV
delay using intracardiac electrogram (IEGM) sig-
nals has recently been described [10]. This meth-
od assumes that optimal VV timing occurs when the
paced activations from right (RV) and left ventricular
(LV) leads meet in the intraventricular septum [11].
In this method, first the delay in milliseconds (ms)
between RV and LV intrinsic depolarization (D) is
measured on the real-time IEGM from the LV and
RV. Afterwards, the different wave front velocities
left to right (IVCD-LR: pacing LV, sensing in RV
and measuring the distance between the two events
in ms on IEGM) and right to left (IVCD-RL: pacing
RV, sensing in LV) are measured, and then the two
values are subtracted one from the other (e =
= IVCD-LR  IVCD-RL). The optimal VV timing
is calculated: VVopt = 0.5 × (D + e). In most cas-
es, this so-called correction coefficient (e) is equal
or close to 0 ms, and the formula can be simplified:
VVopt = 0.5 × D, with the ventricle which was
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later on IEGM paced first. This method is imple-
mented in the automated optimization algorithms in
the new range of CRT devices [12], but the manual
use of this method is possible in every device allow-
ing simultaneous registration of intracardiac electro-
grams from the left and right ventricle.
We present two patients who had their CRT
devices optimized by this method in our department.
Case 1
The first patient, ZC, 57 years old female with
dilated cardiomyopathy, was admitted to our depart-
ment because of increasing dyspnoea (NYHA III).
ECG at admission showed sinus rhythm with first
degree A-V block (PR 240 ms), left bundle branch
block pattern (LBBB) of QRS complexes and QRS
width 180 ms. In echocardiography, dilated LV di-
mensions with severely impaired left ventricular
systolic function (LVEF 22%), severe functional
mitral regurgitation (grade III), estimated pulmo-
nary artery pressure 55 mm Hg and marked inter-
and intra-left ventricular dyssynchrony were not-
ed (interventricular mechanical delay 110 ms, dif-
ference in time to onset and time to peak between
interventricular septum and lateral wall in Pulse-
wave TDI were 155 and 165 ms, respectively).
Despite the fact that she remained on optimal med-
ical therapy using ACE-inhibitor, furosemide,
carvedilol and spironolactone, she was admitted to
the hospital three times in the last six months be-
cause of worsening heart failure. Therefore, a biv-
entricular pacing system was implanted (FRON-
TIERTM II Model 5596, St. Jude Medical), with LV
lead (QuickSiteTM 1056T 86 cm, St. Jude Medical)
in the lateral vein. Implantation and post-implanta-
tion period was uncomplicated. CRT significantly
reduced the degree of mitral regurgitation, pulmo-
nary artery pressure decreased (48 mm Hg) and
LVEF improved, but still, a slight intra-left ven-
tricular dyssynchrony persisted. On the third day,
optimization of VV-delay and AV delay was accom-
plished in a blinded fashion. One person optimized
the VV-delay with the IEGM method and the AV
delays using surface ECG method described by
Koglek [11, 13]. First, we measured the intrinsic
conduction delay between the right and the left
ventricle IEGM: D = 40 ms (Fig. 1). Second, we
measured the IVCD-LR = 140 ms (Fig. 2A) and the
IVCD-RL = 140 (Fig. 2B). The optimal delay was
calculated VVopt = 0.5 × (40  0) = LV first 20 ms.
Optimal VV-delay proved to be 20 ms. LV paced
first and optimal paced and sensed AV-delay were
120 and 80 ms, respectively.
The other person, unaware of the results, per-
formed the optimization using the echocardiograph-
ic method. Aortic outflow tract velocity-time inte-
gral (VTILVOT) was recorded over the same range of
VV-delay settings. Several beats were recorded and
the average VTI of the last five beats was calculat-
ed after determining the optimal VV-delay setting,
which in this case was 20 ms LV activated first
(Fig. 3AD). Next, optimizing AV-delay using
Figure 1. Printout of the intrinsic rhythm IEGM recor-
ding from the LV and RV unipolar  tip. The difference
between the peak of the LV and RV lead is measured
(D = 40 ms). Paper speed 50 mm/s.
Figure 2. Simultaneous recoding of LV bipolar and RV
unipolar IEGM with the programmer. Sweep speed
50 mm/s. A. RV pacing only. Time from RV pacing to
peak of LV IEGM has been measured: IVCD-RL =
= 140 ms. B. LV pacing only. Time form LV pacing to
peak of RV IEGM has been determined: IVCD-LR =
= 140 ms; correction coefficient e 140140 = 0 ms.
A B
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the Ritter method [14] was performed, and in this
case optimal paced and sensed AV-delay were 110 and
60 ms, respectively. Programming the optimal AV-
Table 1. Results and the time spent on the IEGM/ECG and echocardiographic optimization of the AV-delay
and VV-delay.
Value obtained Value obtained Time required Time required
in ECG/EGM in echo method for ECG/IEGM for echo optimization
method   optimization
AV-delay AV 120 ms/PV 80 ms AV 110 ms/PV 60 ms 8 min 10 min
VV-delay LV 20 ms LV 20 ms 3 min 30 min
Total time 11 min 40 min
Figure 3. Case 1. Left ventricular outflow tract velocity-
time integral (VTILVOT) and left preejection interval (LPEI)
measurements for the VV-delay optimization. VTILVOT
marked as AV VTI, LPEI  first, upper value in Table
(2 Time) A. Preexitation of the right ventricle by 20 ms: VTILVOT
21.7 cm, LPEI: 203 ms. B. Simultaneous biventricular
pacing: VTILVOT 23.2 cm, LPEI: 192 ms. C. Optimal VV-
-delay  preexitation of the left ventricle by 20 ms:
VTILVOT 26.2 cm, LPEI: 199 ms. D. Preexitation of the left
ventricle by 40 ms: VTILVOT 24.4 cm, LPEI: 225 ms.
E. Optimization of AV-delay resulted in shortening of
LPEI to 170 ms.
A B
C D
E
delay gave additional benefits (Fig. 3E). Table 1 com-
pares the time spent on the two methods used for op-
timization. IEGM/ECG methods for AV and VV delay
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optimization required a quarter of the time when com-
pared to the echocardiographic method, with good cor-
relation.
The patient was programmed according to the
obtained results and after six months remains in
NYHA class I/II; echocardiography shows LVEF
about 35% and markedly decreased mitral regurgi-
tation (grade III) and almost no intra-left ventricu-
lar dyssynchrony.
Case 2
The second patient, KB, a 75-year-old male,
was admitted to our Department for the replace-
ment of a permanent VVI pacemaker implanted in
1979 because of permanent atrial fibrillation with
symptomatic bradycardia. During the years since
the first implantation, the patient gradually devel-
oped dilated, pacing-induced cardiomyopathy. Re-
cently, his clinical status remained in stable New
York Heart Association (NYHA) class III for about
6 months under treatment with an ACE-inhibitor,
beta-blocker, spironolactone, digoxin and couma-
rine derivative. In echocardiography, his left ven-
tricular function was moderately impaired (LVEF
35%), his left ventricle dilated (left ventricular end-
diastolic diameter of 71 mm) and relative moder-
ate-severe mitral regurgitation (grade IIIII) was
present. Pacing the apex of RV resulted in a QRS
width of 220 ms and marked dyssynchrony in
echocardiography (interventricular mechanical de-
lay 70 ms, difference in time to onset and time to
peak between interventricular septum and lateral
wall in Pulse-wave TDI were 100 and 80 ms, respec-
tively). Therefore, we decided to upgrade the VVI
pacemaker to a biventricular system. The biven-
tricular pacemaker (FRONTIERTM II Model 5596,
St. Jude Medical) was connected to the existing
right ventricular lead and the LV lead (QuickSiteTM
1056T 86 cm, St. Jude Medical) was implanted in the
postero-lateral vein. Implantation and postoperative
period were uncomplicated. Immediately after im-
plantation, we observed a narrowing of the paced
QRS complexes to 150 ms. The patient improved
clinically to NYHA class II and was discharged from
the hospital 4 days after the procedure with LVEF
about 38% and non-optimized VV delay.
After six weeks, he returned to our department
for pacemaker follow-up, still in NYHA class II and
LVEF similar to the value at discharge. We decid-
ed to optimize the VV delay to enhance the clinical
benefit of CRT. First, the optimal VV delay was
determined using the IEGM method. We measured
the intrinsic conduction delay between the right and
the left ventricle IEGM (D = 90 ms). The IVCD had
not been measured in this patient and therefore
was assumed to be zero. The optimal VVopt was
determined as VVopt = 0.5 × (90 + 0) = LV first
45 ms (Fig. 4).
Next, optimal VV-delay was evaluated in stand-
ard Doppler echocardiography by measuring left ven-
tricular outflow tract velocity time integral at seven
different settings: 65 ms, 45 ms, 25 ms RV activated
first, simultaneous biventricular pacing, then 25 ms,
45 ms and 65 ms LV activated first. Five minutes were
allowed to stabilize the heart rhythm and hemodynam-
ics and an average of five VTILVOT was calculated for
each setting. The values obtained are summarized in
Table 2. The most important VTILVOT with the short-
est LPEI was noted for a VV-delay of 45 ms (Fig. 5),
which was consistent with the IEGM method. The
optimal value was programmed, and in the following
days, the clinical status of the patient improved.
After three months, he remains in NYHA I class and
further progress in the reverse remodelling of heart
cavities is observed in echocardiography.
Figure 4. Printout of the intrinsic rhythm IEGM recor-
ding from the LV bipolar lead and the tip of the old
unipolar RV lead. The difference between the peak of
the LV and RV lead is measured (D = 90 ms). Paper
speed 50 mm/s.
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Conclusion
In our patients, the IEGM method gave con-
sistent results with echocardiography; therefore, it
has potential practical impact. VV optimization us-
ing this method takes less than five minutes, which
Table 2. Results of the echocardiographic opti-
mization of the VV-delay in the Patient 2. Average
of 5 measurements for each setting was calculated.
Optimal VV-delay = 45 ms LV first.
VV-delay LPEI Aortic VTI
LV first
VV = 0 ms 163.0 ms 19.3 cm
VV = 25 ms 147.9 ms 19.3 cm
VV = 45 ms 133.1 ms 20.6 cm
VV = 65 ms 133.1 ms 19.55 cm
VTILVOT  left ventricular outflow tract velocity-time integral;
LPEI  left preejection interval
significantly shortens the biventricular device fol-
low-up even if it is not equipped with any automat-
ed optimization algorithm.
References
1. ACC/AHA 2005 Guideline Update for the Diagnosis
and Management of Chronic Heart Failure in the Adult
(http://www.acc.org and www.americanheart.org).
2. ESC Guidelines for the diagnosis and treatment of
Chronic Heart Failure (update 2005) (www.escardio.org).
3. Cleland JG, Daubert JC, Erdmann E et al. Cardiac
Resynchronization-Heart Failure (CARE-HF) Study
Investigators. The effect of cardiac resynchroniza-
tion on morbidity and mortality in heart failure.
N Engl J Med, 2005; 352: 15391549.
4. Bristow MR, Saxon LA, Boehmer J et al. Compari-
son of Medical Therapy, Pacing, and Defibrillation in
Heart Failure (COMPANION) Investigators. Cardiac-
-resynchronization therapy with or without an
Figure 5. Case 2. Left ventricular outflow tract velocity-time integral (VTILVOT) measurements for the VV-delay optimi-
zation (only 4 settings, the whole optimization results with the average of 5 measurements presented in the Table 2).
VTILVOT marked as AV VTI. Three measurements taken and the average of them calculated. A. Preexitation of the left
ventricle by 45 ms: average of 3 VTILVOT 20.6 cm (Optimal VV-delay). B. Preexitation of the left ventricle by
25 ms: average of 3 VTILVOT 19.3 cm. C. Preexitation of the left ventricle by 65 ms: average of 3 VTILVOT 19.6 cm.
D. Simultaneous biventricular pacing: average of 3 VTILVOT 19.3 cm.
A B
C D
310
Cardiology Journal 2007, Vol. 14, No. 3
www.cardiologyjournal.org
implantable defibrillator in advanced chronic heart
failure. N Engl J Med, 2004; 350: 21402150.
5. Leon AR, Abraham WT, Brozena S et al. InSync III
Clinical Study Investigators. Cardiac resynchroniza-
tion with sequential biventricular pacing for the treat-
ment of moderate-to-severe heart failure. J Am Coll
Cardiol, 2005; 46: 22982304.
6. Van Gelder BM, Bracke FA, Meijer A, Lakerveld LJ,
Pijls NH. Effect of optimizing the VV interval on
left ventricular contractility in cardiac resynchro-
nization therapy. Am J Cardiol, 2004; 93: 1500
1503.
7. Sogaard P, Egeblad H, Pedersen AK et al. Sequen-
tial versus simultaneous biventricular resynchro-
nization for severe heart failure: evaluation by tis-
sue Doppler imaging. Circulation, 2002; 106: 2078
2084.
8. Bordachar P, Lafitte S, Reuter S et al. Echocardio-
graphic parameters of ventricular dyssynchrony vali-
dation in patients with heart failure using sequential
biventricular pacing. J Am Coll Cardiol, 2004; 44:
21572165.
9. ODonnell D, Nadurata N, Hamer A, Kertes P,
Mohammed W. Long-term variations in optimal pro-
gramming of cardiac resynchronization therapy de-
vice. PACE, 2005; 28: S24S26.
10. Meine M, Min X, Paris M, Park E. An intracardiac
EGM method for VV optimization during cardiac re-
synchronization therapy. Heart Rhythm J, 2006; 3:
AB30-5 (abstract).
11. Koglek W. Eine einfache Methode zur Bestimmung
des AV-Intervalls bei Zweikammerschrittmacher
Herzschr Elektrophys, 2000; 11: 244253.
12. QuickOpt Timing Cycle Optimization (www.sjm.com).
13. Strohmer B, Pichler M, Froemmel M, Migschitz M,
Hintringer F; ELVIS Study Group. Evaluation of atri-
al conduction time at various sites of right atrial pac-
ing and influence on atrioventricular delay optimiza-
tion by surface electrocardiography. Pacing Clin
Electrophysiol, 2004; 27: 468474.
14. Ritter P, Padeletti L, Gillio-Meina L et al. Determination
of the optimal atrioventricular delay in DDD pacing: com-
parison between echo and peak endocardial acceleration
measurements. Europace, 1999; 1: 12630.
